Supplementary Figure 2:
Mouse complexin-1 also senses curvature via tandem lipid binding motifs. NMR Intensity ratios for 70 μM mouse complexin-1 in the presence of 12 mM 85/15 LUV (red) or SUV (black) lipids. Data points marked with asterisks correspond to peaks that over lap a second peak but for which an intensity ratio decrease of >0.6 was observed; the decrease in intensity ratio for these peaks is therefore likely to be underestimated. Based on the observed intensity decreases, AH (orange) and CT (green) motifs analogous to those characterized for the worm protein are annotated. Overlay of free state secondary shifts (grey) and intensity ratio data for the CTD region of 100 μM full-length WT complexin bound to 13.5 mM 85/15 POPC/POPS LUVs (red) or 1 mM SUVs (black) in the presence of 100 mM NaCl. (c) Sequential amide proton to amide proton NOEs for wild type complexin free in solution (grey, protein at 500 μM), in the presence of 12 mM LUVs (red, protein at 370 μM), or in the presence of 1 mM SUVs (black, protein at 500 μM). The average of the forward and backward NOE is shown, with error bars representing the difference between the two intensities. No data bars are plotted for sites with clearly absent NOEs. Data points with no error bars and no asterisks represent sites for which only one NOE was observed but for which spectral overlap precluded observation of the symmetric peak. Asterisks substituted for data points signify sites for which the presence or absence of NOEs could not be determined, either because of proline residues or because of spectral overlap. Asterisks above data bars signify sites for which only one NOE was observed, while the symmetric one was clearly absent. Asterisks are color coded by data set as either grey (free), red (LUVs) or black (SUVs). (d) Amide 15N R 2 relaxation rates for free fulllength WT complexin-1 (300 μM) plotted vs. residue number. Fig. 4A ) reveal that residues 1-36 exhibit very small (< 0.5) secondary shifts with no clear trends, while the large (3-4 PPM) positive secondary shifts observed from residues 37-45 indicate a stable helix corresponding to the previously characterized accessory helix of the mouse protein 1 . Positive but smaller (1-2 PPM) secondary shits for residues 64-69 suggest that the C-terminal end of the central helix region populates a marginally stable helical structure, but residues 46-63, constituting the remainder of the central helix, remain unassigned due to severe spectral overlap. Notably, worm complexin contains a non-conserved proline at residue 37 that was predicted to break the accessory helix 2 , and our data provide direct experimental evidence that this is indeed the case, as there is a sudden break in the secondary shift data between residues 36 and 37
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in the accessory helix.
Within the CTD, residues 110-125 exhibit contiguous positive secondary shifts with values ranging from 0.5 to 1.5, suggesting that this region has a small but significant helical propensity. This region corresponds almost exactly to the AH motif delineated in the intensity ratio analysis of membrane-binding within the CTD ( Fig. 1 and Supplementary Fig. 4B ). In contrast, the region C-terminal to residue 125, which encompasses the CT motif, appears to be disordered, as indicated by small secondary shifts with no clear patterns. Interestingly, residues 96-104 within the CTD exhibit large positive secondary shifts (1 -3 PPM) suggesting a considerable population of helical structure. This region, which we will designate the AH2 motif, was also picked out as a potentially helical amphipathic motif based on sequence analysis (unpublished), but its significance has not been explored further. This region exhibits clear intensity ratio decreases in the presence of SUVs ( or of efficient spin diffusion (transfer of magnetization between amide protons through other intervening nuclei). Because lipids are rich in protons, it is difficult to discriminate between these two possible causes of the observed NOE intensity increases in the absence of additional structural information. However, in light of the CD data demonstrating that the AH motif, but not the CT motif, adopt helical conformations when bound to SUVs, and that neither motif adopts helical conformations when bound to LUVs (Fig. 3) , the increased NOE intensities observed upon either LUV or SUV binding are most likely a result of increased spin diffusion rather than of helical secondary structure formation.
Curvature sensing by the CT motif is dominated by binding site density rather than intrinsic membrane affinity
To understand the interactions of the AH and CT motifs with SUV and LUVs in greater detail, we generated binding curves for each motif from lipid-into-protein NMR titrations by averaging the intensity ratios for the CT motif (residues 128-143) and AH motif (residues 110-124) ( Supplementary Figs. 3A and 3B ). Although the binding of proteins to membrane surfaces is difficult to describe accurately in terms of chemical equilibria and is probably better modeled as a partitioning reaction 5 , some success has been achieved in describing such interactions in terms of a bimolecular reaction between protein molecules and independent binding sites, each composed of a fixed number of lipid molecules 6 . Using this approach to fit our binding curves (see Methods) results in a number of lipids per binding site and a dissociation constant for each condition (Supplementary Table 1 Although no information is provided by this analysis regarding the nature of the actual binding sites, previous studies have suggested that membrane packing defects are an important feature of highly curved membranes that is recognized by curvature-sensing proteins [7] [8] [9] [10] . Thus, it appears likely that in addition to the requirement for significant acyl-chain packing defects for helix formation by the AH motif, binding of the CT, and likely also of the AH, motif to membrane surfaces in an unstructured conformation also requires some degree, likely lesser, of accommodation by the membrane surface in the form of smaller packing defects, and that the increased density of accommodating sites or defects dominates enhanced binding to highly curved membranes.
To further assess the factors governing membrane association and curvature sensing by the AH and CT motifs, NMR 15 N transverse relaxation rates (R2) for free complexin were compared to those obtained in the presence of LUVs and SUVs. between SUVs and LUVs ( Supplementary Fig. 3D ), suggesting a significant increase in affinity for SUV sites vs. LUV sites, but again requiring a greater SUV binding site density to account for the greater than 10-fold overall increase in the affinity of the AH motif for SUVs.
